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We propose a predictively radiative neutrino mass model with gauged
U(1)B−2Lℓ2−Lℓ1 symmetry in which we successfully realize two-zero textures of neu-
trino mass matrix depending on charge assignment for leptons and the singlet scalar
fields. Then some correlations of neutrino parameters are shown where we take mass
structure given by (ℓ2, ℓ1) = (µ, τ) or (µ, e) as a representative case. Furthermore we
discuss phenomenology of the model such as lepton flavor violations, collider physics,
and dark matter candidate.
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2I. INTRODUCTION
It is known that ”radiative seesaw model” is one of the elegant manners not only to
explain small neutrino masses and dark matter candidate (DM) at the same time but also
to correlate the neutrinos with DM, accommodating a lot of phenomenologies [1].
On the other hand, recent experiments on neutrinos provide stringent constraints and
the neutrino mass texture is tightly restricted. For example, if one considers two zero
neutrino mass textures with rank-three, only seven textures can survive [2, 3]. Along this
thought of idea, various unique textures can be realized by (Non-)Abelian symmetries in
several frameworks of seesaw mechanisms such as type-II [2], canonical seesaw [4–8], inverse
seesaw [9, 10], linear seesaw [11], and so on. 1
Combining a radiative seesaw model and a predictive neutrino mass texture is a natural
subsequent task and several ideas are already realized in refs. [14–18]. One can realize some
specific neutrino mass textures by introducing lepton flavor dependent U(1) gauge symmetry
such as U(1)Lµ−Lτ . This possibility is interesting since a predictive neutrino mass texture
can be related to phenomenology associated with Z ′ boson.
In this paper, we apply a flavor dependent gauged U(1)B−2Lℓ2−Lℓ1 symmetry to find the
predictive two zero textures to a radiative seesaw model at one-loop level based on ref. [1].
We discuss all the possibilities that can satisfy the current neutrino oscillation data [19] by
relevant choice of charge assignment in lepton sector. Then we focus on one of the promising
textures, and investigate its phenomenologies such as lepton flavor violations (LFVs), collider
physics and DM candidate as well as neutrino predictions.
This paper is organized as follows. In Sec. II, we explain our model, and then formulate
each of sector such as Higgs sector, neutral fermions, active neutrinos, LFVs, and show
all of the patterns that can satisfy the current neutrino oscillation data. In Sec. III, we
show numerical analyses of neutrino sector, collider physics, and DM candidate. Finally we
conclude in Sec. IV.
1 Recently, analysis of the minimal textures(one zero textures with rank-two) has been done by [12], and
found that only four textures are allowed all of which are favored of being inverted hierarchy. Their
realizations by symmetries have been done by ref. [13] in basis of canonical seesaw.
3SM Leptons Neutral fermions
Fermions LLℓ2 LLℓ1 LLℓ0 eRℓ2 eRℓ1 eRℓ0 NRℓ2 NRℓ1 NRℓ0
SU(2)L 2 2 2 1 1 1 1 1 1
U(1)Y −12 −12 −12 −1 −1 −1 0 0 0
U(1)B−2Lℓ2−Lℓ1 −2 −1 0 −2 −1 0 −2 −1 0
Z2 + + + + + + − − −
TABLE I: Field contents of fermions and their charge assignments under SU(2)L × U(1)Y ×
U(1)B−2Lℓ2−Lℓ1 × Z2 (ℓ2 6= ℓ1), where SU(3)C singlet for all leptonic fermions and all the quarks
are assigned by 1/3 charges under the U(1)B−2Lℓ2−Lℓ1 as usual way.
VEV6= 0 Inert
Bosons H ϕ1(2) ϕ2(3) η
SU(2)L 2 1 1
1
2
U(1)Y
1
2 0 0
1
2
U(1)B−2Lℓ2−Lℓ1 0 1(2) 2(3) 0
Z2 + + + −
TABLE II: Field contents of bosons and their charge assignments under SU(2)L × U(1)Y ×
U(1)B−2Lℓ2−Lℓ1 × Z2, where SU(3)C singlet for all bosons.
II. MODEL: PARTICLE PROPERTIES AND PHENOMENOLOGIES
In this section, we introduce our models based on lepton flavor dependent U(1) gauge
symmetry, U(1)B−2Lℓ2−Lℓ1 , and formulate neutrino mass matrix and lepton flavor violating
decay branching ratio of charged leptons.
In the fermion sector, we introduce three right-handed Majorana fermions Ne,µ,τ with
isospin singlets that are needed to cancel our gauge anomalies, and impose the same charges
as the SM lepton sector under the flavor dependent gauge symmetry U(1)B−2Lℓ2−Lℓ1 as
summarized in Table I. Also a discrete Z2 symmetry is imposed for these new fermions in
order to forbid the tree level neutrino masses and stabilize our DM candidate.
In the scalar sector, we add an inert SU(2)L doublet scalar η, and two singlet scalars
4ϕ1,2(2,3) to the SM-like Higgs H as summarized in Table II, where the lower indices of
ϕ represents the charges of U(1)B−2Lℓ2−Lℓ1 and Z2 odd parity is imposed to assure inert
feature of η. Notice here ϕi have the vacuum expectation values (VEVs) after spontaneous
symmetry breaking, which are respectively symbolized by vϕi/
√
2. We can realize different
structures of neutrino mass matrix by choosing combination of singlet scalars {ϕ1, ϕ2} or
{ϕ2, ϕ3} as we discuss below.
Yukawa interactions : Under these fields and symmetries, the renormalizable relevant
Lagrangian for neutrino sector and the Higgs potential is given by
−LL = yℓ2L¯Lℓ2HeRℓ2 + yℓ1L¯Lℓ1HeRℓ1 + yℓ0L¯Lℓ0HeRℓ0 + fℓ2L¯Lℓ2 η˜NRℓ2 + fℓ1L¯Lℓ1 η˜NRℓ1
+ fℓ0L¯Lℓ0 η˜NRℓ0 +Mℓ0ℓ0N¯
c
Rℓ0
NRℓ0 + yN1(3)ϕ1(3)N¯
c
Rℓ0(ℓ2)
NRℓ1
+ yN2ϕ2N¯
c
Rℓ1
NRℓ1 + yN3ϕ2N¯
c
Rℓ0
NRℓ2 + h.c.,
V =µ2H |H|2 + µ2η|η|2 +
λH
4
|H|4 + λη
4
|η|4 + λHη|H|2|η|2 + λ′Hη|H†η|2 +
λ′′Hη
4
[(η†H)2 + h.c.]
+
2(3)∑
i=1
(
µϕi |ϕi|2 +
λϕi
4
|ϕi|4 + λHϕi|H|2|ϕi|2 + ληϕi |η|2|ϕi|2
)
+ µ(ϕ2ϕ
∗
1ϕ
∗
1 + c.c.),
(II.1)
where ℓ, α, β respectively run over (e, µ, τ), and η˜ ≡ iσ2η∗, σ2 being the second Pauli matrix.
Notice here that both y and f are diagonal due to our gauge symmetry, which is one of the
important consequences.
For ϕ1,2, we parametrize the scalar fields as
H =

 w+
vH+h+izH√
2

 , η =

 η+
ηR+iηI√
2

 , ϕ1,2 = vϕ1,2 + ϕR1,2 + iϕI1,2√
2
, (II.2)
where vH ≃ 246 GeV is VEV of the SM-like Higgs, and w±, z, and either of ϕI1,2 are
respectively GB which are absorbed by the longitudinal component of W , Z, and Z ′(≡
ZB−2Lℓ−Lℓ′ ) boson. Then we have the three by three CP-even mass matrix squared M
2
R in
the basis of [h, ϕR1 , ϕR2]
T . This is then diagonalized by OTRM
2
ROR ≡Diag[mh1, mh2 , mh3],
where we identify h1 ≡ hSM . The situation is the same in ϕ2,3 case. The inert mass
5eigenstates are respectively written as
m2R(≡ m2ηR) = µ2η +
1
2
(λHϕ1(3)v
2
ϕ1(3)
+ λHϕ2v
2
ϕ2
) +
1
2
(λHη + λ
′
Hη + λ
′′
Hη/2)v
2
H , (II.3)
m2I(≡ m2ηI ) = µ2η +
1
2
(λHϕ1(3)v
2
ϕ1(3)
+ λHϕ2v
2
ϕ2
) +
1
2
(λHη + λ
′
Hη − λ′′Hη/2)v2H , (II.4)
mη(≡ mη±) = µ2η +
1
2
(λHϕ1(3)v
2
ϕ1(3)
+ λHϕ2v
2
ϕ2
) +
1
2
λHηv
2
H , (II.5)
where inert conditions should also be imposed in the theory [20].
We have heavy neutral gauge boson Z ′ after U(1)B−2Lℓ−Lℓ′ gauge symmetry breaking.
The mass of Z ′ is given by
mZ′ = g
′
√
1(4)v2ϕ1(2) + 4(9)v
2
ϕ2(3)
, (II.6)
where g′ is the gauge coupling of U(1)B−2Lℓ2−Lℓ1 .
Neutral fermion masses: First of all, let us consider the masses of Majorana fermions
NR, where the mass texture depends on the assignment of ℓ1,2 and ϕ1,2(2,3) as summarized in
Table III. Here let us consider a texture with U(1)B−2Le−Lµ and ϕ1,2, as an example. After
the spontaneous symmetry breaking, in this case, the mass matrix is found to be
MN =


0 0
yN3vϕ2√
2
0
yN2vϕ2√
2
yN1vϕ1√
2
yN3vϕ2√
2
yN1vϕ1√
2
Mττ

 ≡


0 0 M13
0 M22 M23
M13 M23 Mττ

 . (II.7)
Then we diagonalize MN as VNMNV
T
N ≡ Dψ, where VN is unitary matrix in general and
NR ≡ V TN ψR, Dψ and ψR being mass values and eigenstates, respectively. The mass matrix
can be treated by the same way in the other charge assignment in Table III.
Active neutrino masses: Now we consider the active neutrino mass matrix at one-loop
level [1]. It can be formulated by
(mν)αβ =
∑
i=1−3
fαV
T
Nℓi
DψiVNiβfβ
2(4π)2
(
m2R
D2ψi −m2R
ln
m2R
D2ψi
− m
2
I
D2ψi −m2I
ln
m2I
D2ψi
)
. (II.8)
In the case where D2ψ << m
2
0(≡ (m2R +m2I)/2), the above formula simplifies as [14]
(mν)αβ ≈
∑
i=1−3
λ′′Hηv
2
H
2(4π)2m20
fαV
T
Nℓi
DψiVNiβfβ =
∑
i=e,µ
λ′′Hηv
2
H
2(4π)2m20
fαM
∗
Nαβ
fβ, (II.9)
where we have used V TNDψVN = M
∗
N in the last form. One finds that it is reduced to be a
type-II form of neutrino mass matrix.
6U(1)B−2Lℓ2−Lℓ1 Texture of MN
(ℓ2, ℓ1) (ϕ1, ϕ2) (ϕ2, ϕ3)
(µ, τ) −


× × 0
× 0 ×
0 × ×


(τ, µ) −


× 0 ×
0 × ×
× × 0


(e, µ)


0 0 ×
0 × ×
× × ×

 −
(µ, e)


× 0 ×
0 0 ×
× × ×




× × 0
× 0 ×
0 × ×


(e, τ)


0 × 0
× × ×
0 × ×

 −
(τ, e)


× × 0
× × ×
0 × 0




× 0 ×
0 × ×
× × 0


TABLE III: Possible two-zero mass textures of the right-handed neutrino that can realize active
neutrino mass structure allowed by the current neutrino oscillation data.
In the case where D2ψ ≈ m20, the above formula simplifies as [8]
(mν)αβ ≈
∑
i=1−3
λ′′Hηv
2
H
4(4π)2
fαV
T
Nℓi
D−1ψi VNiβfβ ≈
∑
i=e,µ
λ′′Hηv
2
H
4(4π)2
fαM
−1
Nαβ
fβ, (II.10)
where we have used M−1N = V
T
ND
−1
ψ VN with D
∗
ψ = Dψ in the last form.
2 It transversely
2 In the case where D2ψ >> m
2
0, the above formula simplifies as
(mν)αβ≈
∑
i=1−3
λ′′Hηv
2
H
2(4π)2
fαV
T
Nℓi
VNiβ fβ
Dψi
[
ln
D2ψi
m2
0
− 1
]
, whose form gives a general symmetric matrix.
7suggests that
MN ≈
λ′′Hηv
2
H
4(4π)2
fm−1ν f. (II.11)
It is clearly that each of Eq. (II.9) and (II.10) directly reflects on the structure of Majorana
mass matrix; mν ∝ M∗N , mν ∝ M−1N , predictive two-zero textures are found depending on
the mass hierarchy between Dψ and m0. In Table III, we have summarized all the possible
textures that can reproduce the current neutrino oscillation data [2]. In our numerical
analysis, we will use the global fit of the current neutrino oscillation data at 3σ confidence
level for NH and IH [19]:
NH : s212 = [0.270 ∼ 0.344], s223 = [0.382 ∼ 0.643], s213 = [0.0186 ∼ 0.0250],
∆m221 ≡ m2ν2 −m2ν1 = [7.02 ∼ 8.09]× 10−5 eV2,
∆m231 ≡ m2ν3 −m2ν1 = [2.317 ∼ 2.607]× 10−3 eV2, (II.12)
IH : s212 = [0.270 ∼ 0.344], s223 = [0.389 ∼ 0.644], s213 = [0.0188 ∼ 0.0251],
∆m221 ≡ m2ν2 −m2ν1 = [7.02 ∼ 8.09]× 10−5 eV2,
∆m223 ≡ m2ν2 −m2ν3 = [2.307 ∼ 2.590]× 10−3 eV2, (II.13)
where s12,13,23 are the short-hand notations of sin θ12,13,23 for three neutrino mixing angles
of U . Here we impose the experimental neutrino mass difference squares, and show what
kinds of predictions can be found later.
In case of type-II in Eq. (II.9), one finds the following relations [2] because of mν ∝M∗N :
mν1
mν3
e2iρ =
Ua3Ub3Uα2Uβ2 − Ua2Ub2Uα3Uβ3
Ua2Ub2Uα1Uβ1 − Ua1Ub1Uα2Uβ2 , (II.14)
mν1
mν3
e2iσ =
Ua1Ub1Uα3Uβ3 − Ua3Ub3Uα1Uβ1
Ua2Ub2Uα1Uβ1 − Ua1Ub1Uα2Uβ2 , (II.15)
where indices for PMNS matrix corresponds to (mν)ab = (mν)αβ = 0 with (ab) 6= (αβ), and
ρ and σ are Majorana phases defined by P = Diag(eiρ, eiσ, 1) with V ≡ UP .
In case of type of the canonical seesaw in Eq. (II.11), on the other hand, one also finds the
following relations because of MN ∝ m−1ν :
mν1
mν3
e2iρ =
U∗a2U
∗
b2U
∗
α1U
∗
β1 − U∗a1U∗b1U∗α2U∗β2
U∗a3U
∗
b3U
∗
α2U
∗
β2 − U∗a2U∗b2U∗α3U∗β3
, (II.16)
mν1
mν3
e2iσ =
U∗a2U
∗
b2U
∗
α1U
∗
β1 − U∗a1U∗b1U∗α2U∗β2
U∗a1U
∗
b1U
∗
α3U
∗
β3 − U∗a3U∗b3U∗α1U∗β1
. (II.17)
8Lepton flavor violations(LFVs): Here, we have to always be taken into account in any
radiative seesaw models. The formula is given by
BR(ℓb → ℓaγ) ≈ 48π
3αemCba
(4π)4G2F
∣∣faV TNaiV ∗Nibf ∗b FII(Dψi , mη)∣∣2 , (II.18)
FII(ma, mb) ≈
2m6a + 3m
4
am
2
b − 6m2am4v +m6b + 12m4am2b ln mbma
12(m2a −m2b)4
, (II.19)
where GF is Fermi constant, αem is fine structure constant, and Cµe ≈ 1, Cτe ≈ 0.1784,
Cτµ ≈ 0.1736. The current experimental bounds are given by
BR(µ→ eγ) . 4.2× 10−13, BR(τ → eγ) . 4.4× 10−8, BR(τ → µγ) . 3.3× 10−8.
(II.20)
These constraints are imposed in considering neutrino oscillations.
III. NUMERICAL ANALYSIS AND PHENOMENOLOGY OF THE MODEL
A. Numerical analysis for neutrino mass matrix
Here we focus on the type of B1; 2-2 and 1-3 components are zero [2] in Table III obtained
from charge assignment (ℓ2, ℓ1) = (µ, τ) or (µ, e), and analyze some predictions of neutrino
oscillation data in the case of type-II in Eq. (II.15) and canonical seesaw in Eq. (II.17).
In Fig. 1, we represent the allowed regions in case of NH to satisfy the neutrino oscillation
data, where the left-side of figures represent the case of type-II neutrino model, whereas the
right-side ones do the case of canonical seesaw model. Upper figures represent the plots in
terms of σ − δ with red color and ρ − δ with blue one, where both of the cases have two
solutions; δ = π/2, 3π/2, the latter solution of which is in favor of the current experimental
data that is colored by gray region, and the allowed region of ρ is obtained as |ρ| . 0.02(0.1)
for Type-II(canonical) seesaw case. On the other hand, the allowed region of σ has similar
behavior for the type-II case and canonical seesaw case; the former is within |σ| . 0.12 while
the latter is within |σ| . 0.15. The correlations between σ and ρ are shown with clearer
way in the middle figures. Bottom figures represent the plots in terms of mν1 − mν3 with
red color and mν2 −mν3 with blue one. One finds that mν1 and mν2 are almost degenerate
and their allowed region is 3.7 × 10−11GeV ≤ mν1,2 ≤ 1.4 × 10−10GeV in the type-II case,
while 3 × 10−11GeV ≤ mν1,2 ≤ 8.8 × 10−10GeV in the canonical seesaw case. On the other
9hand, each of mν3 is predicted by 6 × 10−11 ≤ mν3 ≤ 1.5 × 10−10GeV in the type-II case,
and 5.5× 10−11GeV ≤ mν1,2 ≤ 1.0× 10−10GeV in the canonical seesaw case.
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FIG. 1: The allowed regions in case of NH to satisfy the neutrino oscillation data, where the left-
side of figures represent the case of type-II neutrino model, whereas the right-side ones do the case
of canonical seesaw model. Upper figures represent the plots in terms of σ − δ with red color and
ρ − δ with blue one, and the bottom ones do the plots in terms of ρ − σ, the middle ones do the
plots in terms of mν1 −mν3 with red color and mν2 −mν3 with blue one.
In figs. 2, we represent the allowed regions in case of IH to satisfy the neutrino oscillation
10
data, where the left-side of figures represent the case of type-II neutrino model, whereas the
right-side ones do the case of canonical seesaw model. Upper figures represent the plots in
terms of σ − δ with red color and ρ − δ with blue one, where both of the cases have two
solutions; δ = π/2, 3π/2, the latter solution of which is in favor of the current experimental
data that is colored by gray region, and the common allowed region of ρ; |ρ| ≤ 0.05. On the
other hand, the allowed region of σ is different from the type-II case and canonical seesaw
case; the former is within |σ| ≤ 0.018 while the latter is within |σ| ≤ 0.09, which are shown
with clearer way in the middle figures in 2. Bottom figures represent the plots in terms of
mν1 − mν3 with red color and mν2 − mν3 with blue one. One finds that mν1 and mν2 are
almost degenerate and their allowed region is 5.5× 10−11GeV ≤ mν1,2 ≤ 1.3× 10−10GeV in
the type-II case, while 6×10−11GeV ≤ mν1,2 ≤ 1.5×10−10GeV in the canonical seesaw case.
On the other hand, each of mν3 is predicted by 3 × 10−11 ≤ mν3 ≤ 1.2 × 10−10GeV in the
type-II case, and 3.5× 10−11GeV ≤ mν1,2 ≤ 1.45× 10−10GeV in the canonical seesaw case.
B. Collider physics
In this subsection, we discuss collider physics focusing on Z ′ boson from U(1)B−2Lℓ2−Lℓ1
gauge symmetry. Our Z ′ can be produced at the LHC since it couples to quarks and it
decays into SM fermions and/or singlet fermion pairs ψiψj if kinematically allowed. The
decay widths are obtained such that
ΓZ′→f¯f =
Q2Xf g
′2
12π
mZ′
(
1− 4m
2
f
m2Z′
) 1
2
(
1 +
2m2f
m2Z′
)
(III.1)
ΓZ′→ψiψj =
g′2(2VNiℓ2VNℓ2j + VNiℓ1VNℓ1j)
2
16π
mZ′λ
1
2 (mZ′ ;mψi, mψj )
×
(
1− (mψi +mψj )
2
mZ′2
− 1
3
λ
1
2 (mZ′;mψi, mψj )
)
, (III.2)
λ(m1;m2, m3) ≡ 1 + m
4
2
m41
+
m43
m41
− 2m
2
2
m21
− 2m
2
3
m21
− 2m
2
2m
2
3
m41
, (III.3)
where f denote SM fermions and QXf is U(1)B−2Lℓ2−Lℓ1 charge of each fermions. Then we
show branching ratios (BRs) in Table. IV in which we ignored fermion masses assuming Z ′ is
much heavier than them. Interestingly BRs for lepton modes depend on charge assignment in
lepton sector where BR(Z ′ → ℓ+2 ℓ−2 ) = 4BR(Z ′ → ℓ+1 ℓ−1 ). Since structure of neutrino mass
matrix is also determined by the charge assignment we can test our scenario by comparing
11
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FIG. 2: The allowed regions in case of IH to satisfy the neutrino oscillation data, where the left-side
of figures represent the case of type-II neutrino model, whereas the right-side ones do the case of
canonical seesaw model. Upper figures represent the plots in terms of σ − δ with red color and
ρ − δ with blue one, and the bottom ones do the plots in terms of ρ − σ, the middle ones do the
plots in terms of mν1 −mν3 with red color and mν2 −mν3 with blue one.
predictions in neutrino mass and pattern of BRs in leptonic decay mode of Z ′.
In Fig. 3, we show σ(pp → Z ′)BR(Z ′ → ℓ+ℓ−) as a function of mZ′ for the case of
(ℓ2, ℓ1) = (µ, e) and (τ, µ) where BR(Z
′ → ℓ+ℓ−) correspond to sum of e+e− and µ+µ−
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qq¯ ℓ+2 ℓ
−
2 ℓ
+
1 ℓ
−
1 νν¯ ψiψj
BR 0.028 0.33 0.083 0.21 0.21
TABLE IV: BRs for decay of Z ′ where values for νν¯ and ψiψj corresponds to sum of BRs for all
possible modes, and we ignored fermion masses assuming Z ′ is much heavier than them.
LHC limit
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FIG. 3: The product of Z ′ production cross section and BR(Z ′R → ℓ+ℓ−) for (ℓ2, ℓ1) = (µ(τ), e(µ))
with g′ = 0.1 where region above red curve is excluded by the latest data [21].
modes. In addition, we compare the product of cross section and BR with the current
limit from the data at the LHC experiments [21]. We find that (ℓ2, ℓ1) = (τ, µ) case is less
constrained and the Z ′ should be heavier than several TeV when g′ ≥ O(0.1) in any cases.
On the other hand the collider constraint is the strongest for the case of (ℓ2, ℓ1) = (µ, e) or
(e, µ).
C. Dark matter candidate
Here we discuss a DM candidate in our model which depend on the hierarchy between
m0 and Dψ inside the loop diagram for neutrino mass generation. In case of Dψ << m0,
the lightest Majorana fermion is the DM candidate. In case of Dψ ≈ m0, either of fermion
or boson can be the DM candidate but we have to consider the coannihilation framework.
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3 In our analysis, we focus on fermion DM case which is the lightest mass eigenstate ψ1.
The possible annihilation processes of DM are: (A) ψ1ψ1 → Z ′ → f f¯ , (B) ψ1ψ1 → h/ϕi →
f f¯/W+W−/ZZ, (C) ψ1ψ1 → ϕiϕi, (D) ψ1ψ1 → ϕh → ϕlϕl. The process (A) is annihilation
via Z ′ in s-channel. Since the gauge interaction with Z ′ is constrained by collider experiments
relic density can be explained for 2mψ1 ≃ mZ′ due to resonance effect. The process (B) is
via Higgs or extra scalar portal case which also accommodates with observed relic density
for 2mψi ≃ mh,ϕi. The third process (C) is annihilation process through Yukawa interaction
among ϕi and ψ1. The fourth process (D) is that heavier extra singlet scaler propagate in
s-channel and it decays into pair of lighter singlet scalars. Here we discuss case (D) since it
is specific and new process in the model due to the existence of at least two singlet scalars
in realizing neutrino mass matrix. In this analysis, we simply write relevant interactions
schematically such that
Lint = yψ1ϕhψ¯c1PRψ1 + µXϕhϕlϕl, (III.4)
where couplings yψ1 and µX can be derived by writing original Lagrangian in terms mass
eigenstates. Then the squared amplitude for the process ψ1ψ1 → ϕlϕl via s-channel is given
by
|M¯(ψ1ψ1 → ϕlϕl)|2 = (s− 4m2ψ1)
∣∣∣∣ yψµXs−m2ϕh + imϕhΓϕh
∣∣∣∣
2
, (III.5)
where Γϕh is decay width of ϕh. The total and partial decay widths are given by
Γϕh = Γϕh→ψ1ψ1 + Γϕh→ϕlϕl , (III.6)
Γϕh→ϕlϕl =
µ2X
4πmϕh
√
1− 4m
2
ϕl
m2ϕh
, (III.7)
Γϕh→ψ1ψ1 =
y2ψ
8π
mϕh
(
1− 4m
2
ψ1
m2ϕh
) 3
2
, (III.8)
where kinematic condition is implicitly imposed and we simply assume mϕh < 2mψ2,3 . The
relic density of DM can be estimated by [24]
Ωh2 ≈ 1.07× 10
9√
g∗(xf )MP lJ(xf )[GeV]
, (III.9)
3 In case of Dψ >> m0, the inert boson can be the DM candidate. The allowed region to satisfy the relic
density is at around mZ/2 . MX . mW [22] or MX ≈ 500 GeV [23], where MX is the mass of DM.
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FIG. 4: Relic density of DM Ωh2 as a function of mψ1 where some parameters are fixed as indicated
in the plot.
where g∗(xf ≈ 25) is the degrees of freedom for relativistic particles at temperature Tf =
MX/xf which is taken to be g
∗ ≃ 100, MP l ≈ 1.22× 1019 GeV, and J(xf )(≡
∫∞
xf
dx 〈σvrel〉
x2
) is
J(xf ) =
∫ ∞
xf
dx


∫∞
4M2
X
ds
√
s− 4M2XW (s)K1
( √
s
MX
x
)
16M5Xx[K2(x)]
2

 , (III.10)
W (s) ≡ 1
16π
∫ π
0
sin θ|M¯(ψ1ψ1 → ϕlϕl)|2 =
(s− 4m2ψ1)
8π
∣∣∣∣ yψµXs−m2ϕh + imϕhΓϕh
∣∣∣∣
2
. (III.11)
In Fig. 4, we show Ωh2 as a function of mψ1 for yψ = 0.1(0.5) fixing some parameters as
mϕh = 500 GeV, mϕl = 50 GeV and µX = 200 GeV, which is compared with Ωh
2 = 0.12
taking from recent data of Planck observation Ωh2 = 0.1187 ± 0.0012 [25]. We then find
that the observed relic density can be easily achieved with natural size of our parameters.
Note also that this result does not depend on U(1)B−2Lℓ2−Lℓ1 charge assignment for leptons
and can be applied in general case.
IV. CONCLUSIONS
We have studied predictive neutrino models with flavor dependent gauged U(1)B−2Lℓ2−Lℓ1
symmetry in which we have successfully realized two-zero textures of neutrino mass matrix,
depending on charge assignment for leptons and the singlet scalar fields. Then neutrino mass
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matrix is formulated which is generated at one-loop level, and lepton flavor violations are
also considered induced by the Yukawa interactions for neutrino mass generation. We have
also discussed some predictions for neutrino masses and CP-violating phases in a specific
structure given by (ℓ2, ℓ1) = (µ, τ) or (µ, e) and shown in Figs. 1, 2.
Then we have discussed phenomenologies such as collider physics and dark matter can-
didate in the model. For collider physics, we have considered Z ′ boson production at the
LHC where branching ratio of Z ′ decay mode depends on choice of charge assignment for
leptons. We have found that collider constraint in (ℓ2, ℓ1) = (τ, µ) case is weaker than the
other charge assignment. For dark matter, we have considered the case of fermionic dark
matter which annihilate into new scalar boson from SM singlet scalar field. We have shown
that the observed relic density can be easily accommodated without strong constraints.
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